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Background: Mounting evidence has demonstrated that circular RNAs (circRNAs) play 
indispensable roles in the progression of bladder cancer. Public database mining showed that 
hsa_circRNA_100146 (circRNA_100146) was highly expressed in bladder cancer. This 
study aimed to characterize the biological role of circRNA_100146 and clarify the under-
lying mechanism in bladder cancer.
Methods: We evaluated the relationship between circRNA_100146 expression and clinico-
pathological features. Furthermore, gain- and loss-of-function studies were conducted in 
bladder cancer cells via transfection with gene-carrying plasmids (over-expression) or 
specific short hairpin RNAs (knockdown). Moreover, computational algorithms and dual- 
luciferase reporter assays were performed to explore the possible mechanisms of action. 
Additionally, in vivo xenograft experiments were performed to further analyze the effect of 
circRNA_100146 on tumor growth.
Results: Our data showed that circRNA_100146 expression was increased in bladder cancer 
tissues and cell lines, and that high expression of circRNA_100146 was correlated with poor 
patient prognosis. Upregulation of circRNA_100146 promoted cell proliferation, migration, 
and invasion, and inhibited cell apoptosis, whereas knockdown of circRNA_100146 dis-
played opposite effects on bladder cancer cells. Notably, circRNA_100146 could combine 
with miR-149-5p and promote ring finger protein 2 (RNF2) expression, thereby facilitating 
the progression of bladder cancer. Furthermore, overexpression of RNF2 reversed the effects 
of circRNA_100146 knockdown on the biological behaviors of bladder cancer cells. The 
in vivo experiments revealed that downregulation of circRNA_100146 dramatically delayed 
tumor growth.
Conclusion: Our findings indicate that circRNA_100146 functions as a sponge of miR-149- 
5p in promoting bladder cancer progression by regulating RNF2 expression and that 
circRNA_100146 may serve as a novel biomarker in human bladder cancer.
Keywords: bladder cancer, circRNA_100146, proliferation, invasion, RNF2

Introduction
Bladder cancer is the fifth most common cancer worldwide, and it usually occurs in 
bladder epithelial cells.1 It is estimated that there are about 150,000 new cases of 
bladder cancer and more than 50,000 bladder cancer-related deaths every year.2 In 
spite of great advances in treatment, the postoperative recurrence rate is still very high. 
It is reported that approximately 80% of bladder cancer patients suffer a relapse within 
5 years.3 The survival rate of patients with bladder cancer is usually associated with 
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multiple influencing factors, including tumor stage, patholo-
gical type, and diagnosis time. Follow-up investigations 
showed that the 5-year survival rate of patients at stage IV 
was only 15%.4 It is well known that bladder cancer is 
a pathological process that is influenced by abnormal 
expression of numerous genes. Thus, it is urgent to identify 
molecular markers that are linked to the recurrence and 
metastasis of bladder cancer.

Circular RNAs (circRNAs) are a novel type of non-coding 
RNA molecule that plays an indispensable role in diverse 
types of human diseases. Studies have shown that circRNAs 
could exert carcinogenic or anti-tumor effects in bladder 
cancer.5,6 circRNAs are mainly recognized as miRNA mole-
cular sponges that regulate downstream gene expression and 
signaling pathway transduction, thus affecting the malignant 
phenotypes of bladder cancer cells.7,8 Several circRNAs have 
been reported to participate in the occurrence and development 
of bladder cancer, such as cTFRC,9 circFUT8,10 circMTO1,11 

and hsa_circ_0001361.12 Previous studies have shown that 
has_circRNA_100146 (circRNA_100146), also known as 
hsa_circ_0011385,12 is highly expressed in non-small 
cell lung cancer13 and thyroid cancer14 and that 
circRNA_100146 is an oncogene that promotes the progres-
sion of non-small cell lung cancer and thyroid cancer. Based 
on the GSE92675 dataset analysis, it was found that 
circRNA_100146 was over-expressed in clinical samples of 
bladder cancer.15 However, the biological function and mole-
cular mechanism of circRNA_100146 in bladder cancer 
remain unknown.

In the present study, we investigated the effects of 
circRNA_100146 on bladder cancer cell proliferation, 
apoptosis, migration, and invasion. Herein, our data 
implied that circRNA_100146 may function as an onco-
genic circRNA in bladder cancer. Moreover, mechanistic 
studies revealed that circRNA_100146 and ring finger 
protein 2 (RNF2) could competitively bind to miR-149- 
5p to regulate malignant behaviors in bladder cancer cells. 
Additionally, knockdown of circRNA_100146 was shown 
to delay the growth of bladder cancer cells in vivo. Taken 
together, our study provides some evidence for 
circRNA_100146 as a new biomarker for bladder cancer 
diagnosis and prognosis.

Materials and Methods
Patient and Tissue Samples
Bladder cancer tissues (n = 68) and matched adjacent non- 
tumor tissues were obtained from patients who underwent 

surgical treatment between October 2014 and May 2017 at 
the Affiliated Huai’an No.1 People’s Hospital of Nanjing 
Medical University (Huai’an, China). The clinicopathological 
characteristics of bladder cancer patients are shown in Table 1. 
Written informed consent was obtained from all patients 
enrolled in the present study. The study protocol conformed 
to the ethical guidelines of the 1975 Declaration of Helsinki 
and was approved by the Ethics Committee of the Affiliated 
Huai’an No.1 People’s Hospital of Nanjing Medical 
University.

Total RNA Isolation and RNase 
R Treatment
RNA was extracted from J82 and T24 cells using TRIzol 
reagent, followed by treatment with DNase I (Ambion) (37 
°C, 30 min, twice). Approximately 3 μg of total RNA was 
extracted from each sample, and ribosomal RNA was 
removed using the Ribosomal Eukaryotic Kit (Qiagen). 
The purified RNA was treated with RNase R (Epicenter, 
40 U, 37 °C, 3 h) as described previously,16 and then 
purified using TRIzol.

Quantitative Real-Time PCR (qRT-PCR)
TRIzol reagent (Invitrogen, CA, USA) was used to extract 
total RNA from cells. RNA was reverse-transcribed using 
PrimeScript RT Master Mix (Takara, Japan). GAPDH was 
used as an endogenous control for circRNA_100146 and 
RNF2, and U6 was used as an endogenous control for miR- 
149-5p. qRT-PCR was performed under the following con-
ditions: 95 °C for 3 min, 39 cycles of 95 °C for 10 s and 60 °C 
for 30 s using a SYBR Premix Ex TaqTM kit (Takara, Japan). 
The primers used were as follows: 5ʹ-GAGCTCA 
ACCAGTATAGTGCC-3ʹ (forward), 5ʹ-ACATGATGAT 
GTTGCCCCCAA-3ʹ (reverse) for circRNA_100146; 5ʹ- 
TCTGGCTCCGTGTCTTC-3ʹ (forward), 5ʹ-GTTGTGGTT 
GGTTGGTTTGT-3ʹ (reverse) for miR-149-5p; 5ʹ-CTC 
GCTTCGGCAGCACA-3ʹ (forward), 5ʹ-ACGCTTCACGA 
ATTTGCGT-3ʹ (reverse) for U6; 5ʹ-TCAGTGGGGTT 
AGGTACATTC-3ʹ (forward), 5ʹ-TTTACAAGTAGACAG 
CGGTGA-3ʹ (reverse) for RNF2; 5ʹ-AAGGTCGGAGTCA 
ACGGA-3ʹ (forward), 5ʹ-TTAAAAGCAGCCCTGGTGA 
-3ʹ (reverse) for GAPDH.

Cell Lines and Transfection
Normal bladder epithelial cells (HCV-29) and four bladder 
cancer cell lines (J82, 5637, SW780, and T24) were pur-
chased from the cell bank of the Chinese Academy of 
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Sciences (Shanghai, China). Cells were grown routinely in 
RPMI-1640 medium (Invitrogen, CA, USA) supplemented 
with 10% fetal bovine serum (Gibco, CA, USA) and cul-
tured in a 37 °C humidified atmosphere containing 5% CO2. 
circRNA_100146 over-expression (circRNA) or knockdown 
(shRNA#1, shRNA#2, shRNA#3) plasmids, miR-149-5p 
mimic, RNF2 overexpression (RNF2) plasmid, and their 
control vector were obtained from GenePharma (Shanghai, 
China). J82 and T24 cells were seeded in 6-well plates 24 
h prior to circRNA_100146 or miR-149-5p mimic or RNF2 
transfection. When the cells were grown–70-80% conflu-
ence, transfection was carried out using Lipofectamine 
2000 (Invitrogen) according to the manufacturer’s protocol.

CCK8 Assay
The CCK-8 assay (Dojindo, Kumamoto, Japan) was used 
to determine the proliferation of J82 and T24 cells. In 
brief, 2000 cells per well were seeded into 96-well plates. 
After culturing for 0, 24, 48, 72, and 96 h, 10 μL of CCK- 

8 solution per well was added and incubated for 2 h. Then, 
the absorbance at 450 nm was determined using 
a SpectraMax iD5 microplate reader (Molecular Devices).

Colony Formation Assay
For the colony formation assay, 500 cells per well were 
seeded into 6-well plates. After culturing for 2 weeks, the 
clones were fixed and stained using crystal violet (Biolab, 
Shanghai, China). The colony number was counted under 
a microscope.

Cell Apoptosis
J82 and T24 cells were harvested and washed using ice-cold 
PBS, followed by staining with a Annexin V-FITC 
Apoptosis Detection Kit (JIANCHENG Biotech Co., Ltd., 
Shanghai, China). Cell apoptosis was analyzed using a flow 
cytometer (FACSCalibur, BD Biosciences). The cell apop-
tosis rate was analyzed using FlowJo 7.6.1 software.

Table 1 Correlation Between circRNA_100146 Expression and Clinicopathological Characteristics of Bladder 
Cancer Patients

Number of 
Patients

circRNA_100146 Low 
Expression (< Median)

circRNA_100146 High 
Expression (≥ Median)

P value

Number 68 34 34

Ages (years) 0.457

<50 27 12 15

≥50 41 22 19

Gender 0.200
Male 45 25 20

Female 23 9 14

Tumor stage 0.027*

T0-T1 39 24 15

T2-T4 29 10 19

LN status 0.014*

LN - 28 19 9
LN + 40 15 25

Multifocality 0.595
Unifocal 48 25 23

Multifocal 20 9 11

Histological grade 0.001*

Low 39 26 13

High 29 8 21

Tumor size 0.001*

<3cm 41 27 14
≥3cm 27 7 20

Note: *P<0.05.
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Wound Healing and Invasion Assays
In the wound healing test, J82 and T24 cells were cultured in 
a 6-well plate until 100% confluence, and were then injured 
using the tip of a 20 mL pipette. Migration photos were taken 
at 0 and 48 h after the scratch. Invasive cells were detected via 
transwell invasion assay. Transwell filters were pre-coated 
with Matrigel (BD Biosciences). Approximately 5 × 104 

cells were inoculated in serum-free medium in the upper 
chamber. The 1640 medium containing 20% FBS was added 
to the bottom chamber. After incubation for approximately 24 
h, the invasive cells on the lower surface of the filter were fixed 
and examined under a microscope.

Western Blot
The protein was extracted using radioimmunoassay lysis buf-
fer, and its concentration was determined using a BCA protein 
assay kit (HaiGene, Harbin, China). The protein was separated 
by 10% SDS-PAGE and Western blotting was performed 
using the following primary antibodies: anti-RNF2, at 
a dilution of 1:1000, (Cell Signaling); anti-GAPDH, at 
a dilution of 1:3000, (Proteintech). Membranes were then 
incubated with a peroxidase-conjugated secondary antibody, 
and specific bands were detected on an X-ray film (e-Blot, 
Shanghai, China) imaging system.

Immunohistochemistry
Tumor tissue or non-tumor tissue sections were deparaffinized 
with xylene, and then washed in serial dilutions of ethanol: (1) 
100% ethanol, (2) 95% ethanol, (3) 80% ethanol, and finally in 
PBS. After washing, the endogenous peroxidase activity was 
quenched using methanol and H2O2 (0.3%) for 5 min. The 
slide was blocked in PBS containing 5% bovine serum albu-
min (BSA) for 30 min, and then incubated with RNF2 and 
Ki67 primary antibodies overnight at 4 °C (at a dilution of 
1:100, Solaibao Biotechnology Co., Ltd., Beijing, China). 
After 24 h, the sections were incubated with the secondary 
antibody (1:1000; Solaibao Biotechnology) for 2 h.

Luciferase Reporter Assay
For the luciferase reporter assay, pmirGLO dual-luciferase 
vectors (Promega, Madison, WI, USA) were employed to 
construct dual-luciferase reporter plasmids. HEK-293T cells, 
which were purchased from the Chinese Academy of Sciences, 
were co-transfected with the corresponding plasmids and 
miRNA. Luciferase activity was determined using the dual- 
luciferase reporter kit (Promega). The relative activity of firefly 
luciferase was normalized to Renilla luciferase activity.

Tumor Xenograft in Nude Mice
The animal experiments were approved by the Ethics 
Committee of The Affiliated Huaian No.1 People’s 
Hospital of Nanjing Medical University. All the animal 
operations were performed in accordance with the Animal 
Policy and Welfare Committee of The Affiliated Huaian 
No.1 People’s Hospital of Nanjing Medical University. 
Briefly, 100 mL of T24 cells (1 × 106) transfected with 
shRNA-circRNA_100146 or scramble were subcutaneously 
injected into nude mice (n = 6 per group, 2 months of age). 
The tumor length and width were determined every 7 days, 
and the tumor volume was determined using the formula: 
tumor volume = πab2/6 (a = tumor length; b = tumor width).

Statistical Analysis
Student’s t-test and one-way ANOVA were used to assess 
statistical significance. GraphPad Prism 7 was used for sta-
tistical analysis. Survival rate was analyzed by Kaplan Meier 
curves and the Log rank test. The correlation between 
circRNA_100146 and clinicopathological features of bladder 
cancer patients was analyzed using the Pearson correlation 
test. P < 0.05 was considered statistically significant.

Results
The Expression of circRNA_100146 Was 
Abnormally Increased in Bladder Cancer 
Tissues and Cells
To explore the biological role of circRNA_100146 in bladder 
cancer, the expression of circRNA_100146 in bladder cancer 
clinical samples and cell lines was identified by qRT-PCR 
analysis. The results showed that the expression of 
circRNA_100146 was significantly increased in cancer tis-
sues (n = 68) compared with that in adjacent non-cancerous 
tissues (n = 68) (Figure 1A and B). High expression of 
circRNA_100146 also displayed an unfavorable prognosis 
in bladder cancer patients (Figure 1C). In addition, the link 
between circRNA_100146 expression and the clinicopatho-
logical features of bladder cancer patients was studied. The 
results showed that high expression of circRNA_100146 was 
closely related to tumor stage, LN status, histological grade, 
and tumor size (Table 1). Furthermore, compared with 
the expression of circRNA_100146 in HCV-29 cells, 
circRNA_100146 was dramatically overexpressed in bladder 
cancer cell lines, including J82, 5637, SW780, and T24 
(Figure 1D). The RNase R experiment was performed in 
J82 and T24 cells, and the data proved that 
circRNA_100146 was resistant to RNase digestion 
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(Figure 1E and F). The expression of circRNA_100146 in the 
nucleus and cytoplasm was examined (Figure 1G and H). 
Results showed that circRNA_100146 was expressed both in 
the nucleus and in cytoplasm, while the expression abun-
dance of circRNA_100146 was higher in the cytoplasm 
than in the nucleus.

CircRNA_100146 Regulated Cell 
Proliferation and Invasion of Bladder Cancer 
Cells
To determine whether circRNA_100146 affected bladder cell 
proliferation, apoptosis, invasion, or migration, J82 cells 
were treated with circRNA_100146 over-expression and 
T24 cells were transfected with shRNA-circRNA_100146 
(shRNA). As shown in Figure 2A, circRNA_100146 was 

overexpressed in J82 cells, while circRNA_100146 was 
downregulated in T24 cells. After cell transfection, cell pro-
liferation, clone-forming ability, apoptosis, invasion, and 
migration were evaluated by CCK8, crystal violet staining, 
Annexin V-FITC/PI staining, transwell invasion assay, and 
wound healing assay, respectively. Results showed that 
circRNA_100146 stimulated cell proliferation, invasion, 
and migration, and inhibited cell apoptosis in J82 cells; 
however, circRNA_100146 knockdown exerted anti-tumor 
effects on T24 cells (Figure 2B–F).

CircRNA_100146 and RNF2 
Competitively Combined with miR-149-5p
We then explored the molecular mechanism by which 
circRNA_100146 facilitated bladder cancer cell 

Figure 1 The expression of circRNA_100146 in bladder cancer samples and cell lines. (A and B) The expressions of circRNA_100146 in bladder cancer tissues (n = 68) and 
adjacent non-cancerous tissues (n = 68) were examined by qRT-PCR. (C) High expression of circRNA_100146 showed a poor prognosis in bladder cancer patients. (D) The 
expression levels of circRNA_100146 in human bladder epithelial cells (HCV-29) and bladder cancer cell lines (J82, 5637, SW780, and T24) were examined by qRT-PCR. (E 
and F) RNase R assay was performed to verify the circular characteristics of circRNA_100146 in J82 and T24 cells. (G and H) The expression of circRNA_100146 in 
nucleus and cytoplasm of circRNA_100146. **P < 0.01, ***P < 0.001.
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Figure 2 CircRNA_100146 regulated cell proliferation, apoptosis, invasion and migration of J82 and T24 cells. (A) J82 cells were transfected with mock or circRNA_100146 
plasmids, and T24 cells were transfected with Scramble, shRNA#1, shRNA#2, or shRNA#3. qRT-PCR was performed to examine the transfection efficiency. (B) Cell 
proliferation was detected by CCK8 assay. (C) Cell colony formation was detected by crystal violet staining. (D) Annexin V-FITC/PI staining was performed to identify cell 
apoptosis. (E) Cell invasion was evaluated using a transwell assay. (F) Cell migration was detected by a scratched wound healing assay. *P < 0.05, **P<0.01, ***P < 0.001.
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proliferation and invasion. The targeted miRNAs were pre-
dicted using the Circular RNA Interactome and StarBase. 
Five miRNAs, including miR-149-5p, miR-616-3p, miR- 
361-3p, miR-330-3p, and miR-526b-5p, were obtained 
(Figure 3A). The expression levels of the predicted 
miRNAs were detected in J82 or T24 cells. As displayed 
in Figure 3B, circRNA_100146 inhibited the expression 
of miR-149-5p and miR-361-3p, and silencing 
circRNA_100146 increased the expression of miR-149-5p 

and miR-361-3p (Figure 3C). circRNA_100146 transfec-
tion exhibited a greater regulatory impact on miR-149-5p 
expression. The predicted binding site of circRNA_100146 
and miR-149-5p is shown in Figure 3D, which was further 
verified by dual-luciferase reporter (Figure 3E). Moreover, 
it was observed that the expression of miR-149-5p was 
downregulated in bladder cancer clinical samples and 
showed a negative correlation with the expression of 
circRNA_100146 (Figure 3F).

Figure 3 CircRNA_100146 and RNF2 competitively combined with miR-149-5p in bladder cancer cells. (A) The targeted miRNAs were predicted using Circular RNA 
Interactome and StarBase. (B) The expression levels of miR-149-5p, miR-616-3p, miR-361-3p, miR-330-3p, and miR-526b-5p in J82 cells were detected by qRT-PCR following 
the transfection of mock or circRNA_100146 plasmids. (C) The expression levels of miR-149-5p, miR-616-3p, miR-361-3p, miR-330-3p, and miR-526b-5p in T24 cells were 
detected by qRT-PCR following transfection with scramble or shRNA#1. (D) Predicted binding sites of circRNA_100146 and miR-149-5p. (E) The dual-luciferase reporter 
assay was performed to verify the combination of circRNA_100146 and miR-149-5p. (F) The expression of miR-149-5p in bladder cancer tissues and adjacent non-tumor 
tissues was examined, which negatively correlated with the expression of circRNA_100146. (G) The targeted mRNAs of miR-149-5p were predicted by TargetScan, miRDB, 
miRTarBase, and miRWalk. (H) The binding sites of RNF2 and miR-149-5p. (I) The dual-luciferase reporter assay was performed to verify that RNF2 could combine with miR- 
149-5p. (J) The expression of RNF2 in bladder cancer samples was examined by qRT-PCR and IHC analysis. (K) RNF2 expression was negatively correlated with miR-149-5p 
expression in bladder cancer patients. (L) The protein expression of RNF2 in J82 and T24 cells was detected by Western blot analysis. (M) The expression of RNF2 in J82 
cells with miR-149-5p mimic and circRNA_100146 co-transfection was identified by Western blot. **P< 0.01.
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The targeted mRNAs of miR-149-5p were also predicted 
by TargetScan, miRDB, miRTarBase, and miRWalk. 
PDE1B, SLCO3A1, RNF2, AGO1, FASLG, and DCTN2 
were screened (Figure 3G). RNF2 acts as an oncogene in 
several cancers, and was then selected for further experi-
ments. Figure 3H shows that RNF2 could combine with 
miR-149-5p, and the dual-luciferase reporter also verified 
the combination of miR-149-5p and RNF2 (Figure 3I). 
Moreover, qRT-PCR and IHC analysis showed that the 
expression of RNF2 in bladder cancer tissues was upregu-
lated (Figure 3J). Notably, RNF2 expression was negatively 
correlated with miR-149-5p expression in bladder cancer 
samples (Figure 3K). As evident from Western blot analysis, 
miR-149-5p negatively regulated the protein expression of 
RNF2 in J82 and T24 cells (Figure 3L). Additionally, 
circRNA_100146 overexpression promoted the expression 
of RNF2, while miR-149-5p mimic reversed the effect of 
circRNA_100146 in J82 cells (Figure 3M).

RNF2 Reversed the Effect of 
shRNA-circRNA_100146 and the in vivo 
Study
To further investigate the regulatory mechanism by which 
circRNA_100146 affects bladder cancer cells, T24 cells 
were transfected with Scramble+Vector, shRNA#1-circR 
NA_100146 (shRNA#1) +Vector, or shRNA#1+RNF2. The 
protein expression of RNF2 in T24 cells was determined 
(Figure 4A). As shown in Figure 4B–F, shRNA# 
1-circRNA_100146 transfection significantly suppressed the 
T24 cell proliferation, colony formation, invasion, and migra-
tion, and promoted cell apoptosis compared with the Scramble 
+Vector transfected cells. However, RNF2 overexpression 
remarkably reversed the effects of shRNA#1-circRNA_1 
00146 transfection on T24 cells.

The biological effect of circRNA_100146 on bladder 
cancer tumor growth was evaluated using a xenograft 
mouse model. J82 cells transfected with Scramble or 
shRNA#1-circRNA_100146 were implanted subcuta-
neously into nude mice. Tumor growth was evaluated 
every 7 days. Knockdown of circRNA_100146 signifi-
cantly delayed tumor growth in vivo, and decreased tumor 
size and weight (Figure 4G). Furthermore, downregulation 
of circRNA_100146 significantly decreased the expression 
levels of RNF2 and Ki67 (Figure 4H). The expression levels 
of circRNA_100146, miR-149-5p, and RNF2 in xenograft 
tumors were determined by qRT-PCR. Tumors derived 
from shRNA#1-circRNA_100146 transfected cells showed 

an obvious decrease in circRNA_100146 and RNF2 expres-
sion levels and exhibited a notable increase in miR-149-5p 
expression (Figure 4I).

Discussion
Nowadays, a great number of circRNAs are reported to reg-
ulate the occurrence and development of bladder cancer, such 
as circPICALM,17 circMTO1,11 and circPTK2.18 It was 
reported that circPICALM acted as an antioncogene that 
inhibited bladder cancer metastasis by sponging miR- 
1265.17 Xu et al indicated that circPTK2 accelerated the 
proliferation and migration of bladder cancer cells.18 

A previous study indicated that circRNA_100146 was upre-
gulated in bladder cancer, and circRNA_100146 acted as an 
oncogene in non-small cell lung cancer and thyroid cancer.13 

In the present study, we explored the expression levels, bio-
logical role, and molecular mechanism of circRNA_100146 in 
bladder cancer. We first found that high expression of 
circRNA_100146 correlated with a poor prognosis in bladder 
cancer patients. Furthermore, correlation analysis revealed 
that elevated circRNA_100146 expression was observed in 
the bladder patients with LN+, high histological grade, and 
large tumor size. Moreover, it was detected that 
circRNA_100146 was overexpressed in bladder cancer cell 
lines compared to that in normal bladder epithelial cells. The 
results mentioned above revealed that circRNA_100146 
might act as an oncogene in bladder cancer.

We subsequently determined the effects of 
circRNA_100146 overexpression or knockdown on bladder 
cancer cell proliferation, apoptosis, and invasion. It was 
observed that silencing circRNA_100146 expression signifi-
cantly suppressed cell proliferation, invasion and migration, 
while promoted cell apoptosis of bladder cancer cells. 
Furthermore, upregulation of circRNA_100146 exerted 
a tumorigenic role in bladder cancer cells. Emerging evi-
dence demonstrates that circRNA functions as an miRNA 
sponge, thus regulating a series of physiological activities. 
We next predicted the target miRNAs of circRNA_100146, 
including miR-149-5p, miR-616-3p, miR-361-3p, miR-330- 
3p, and miR-526b-5p. Our study confirmed that miR-149-5p 
expression can be regulated by circRNA_100146. Previous 
studies have reported that miR-149-5p is a tumor suppressor 
in several cancers, including gastric cancer,19 renal cell 
carcinoma,20 osteosarcoma,21 and nasopharyngeal 
carcinoma.22 Zhang et al reported that miR-149-5p was 
downregulated in gastric cancer, and was involved in the 
molecular mechanism of circNRIP1 regulating gastric cancer 
progression.19 Jin et al investigated that miR-149-5p was 
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a tumor suppressor that inhibited cell invasion and promoted 
cell apoptosis in renal cell carcinoma.20 In this study, we 
reported that circRNA_100146 could combine with miR- 
149-5p. In addition, miR-149-5p was downregulated in blad-
der cancer samples, and the expression of miR-149-5p was 
negatively correlated with circRNA_100146 expression in 
clinical samples. The downstream mRNAs of miR-149-5p 
were predicted to be PDE1B, SLCO3A1, RNF2, AGO1, 
FASLG, and DCTN2. RNF2 was reported to act as an onco-
gene in gastric cancer,23 lung squamous cell carcinoma,24 

mammary carcinoma,25 and urothelial carcinoma of the 
bladder.26 Li et al reported that over-expression of RNF2 
played a crucial role in the prognosis of urothelial carcinoma 
of the bladder.26 In the present study, we found that 
circRNA_100146 sponged miR-149-5p and promoted 
RNF2 expression, thus accelerating cell proliferation and 
invasion of bladder cancer cells. As revealed by the clinical 

data analysis, RNF2 was over-expressed in bladder cancer 
and showed a positive correlation with circRNA_100146 
expression. The rescue experiments showed that shRNA- 
circRNA_100146 inhibited the proliferation and invasion of 
T24 cells, while over-expression of RNF2 reversed the 
effects of shRNA-circRNA_100146 on T24 cells. These 
results indicated that circRNA_100146 competitively com-
bined with miR-149-5p and increased RNF2 expression and 
promoted malignant phenotypes of bladder cancer cells. 
Finally, the tumor xenograft in nude mice experiments 
demonstrated that shRNA-circRNA_100146 could delay 
tumor growth, reduce tumor weight, and decrease tumor 
volume of bladder cancer.

In conclusion, the present study provides some evidence 
that circRNA_100146 is overexpressed in bladder cancer sam-
ples and that increased circRNA_100146 predicted a poor 
prognosis for bladder cancer patients. circRNA_100146 

Figure 4 Overexpression of RNF2 reversed the effect of shRNA-circRNA_100146 on bladder cancer cells and the in vivo study. (A) T24 cells were transfected with 
Scramble+Vector, shRNA#1+Vector, or shRNA#1+RNF2. The protein expression of RNF2 in T24 cells was examined by Western blot analysis. Cell proliferation (B), cell 
clone formation (C), cell apoptosis (D), cell invasion (E), and cell migration (F) were then identified. (G) Tumor growth curves were established by measuring tumor volume 
every 7 days for 28 days after injection. The weight of tumors isolated from nude mice in each treatment group was determined on day 28 after injection. (H) The 
expression levels of RNF2 and Ki67 in the tumor tissues were examined by IHC analysis. (I) The expression levels of circRNA_100146, miR-149-5p, and RNF2 in the 
xenograft tumors were determined by qRT-PCR. *P < 0.05, **P < 0.01.
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stimulated bladder cancer cell proliferation, migration, and 
invasion by sponging miR-149-5p and promoting RNF2 
expression. There are also some limitations of our study. The 
downstream molecular mechanisms needs to be further 
explored. Only one cell line was performed in the rescue 
experiments and in vivo studies, more cell lines should be 
used for more studies. In addition, more efforts will be devoted 
to explore the effect and mechanism of circRNA_100146 on 
metastasis of bladder cancer. Our future work will cover these 
aspects. Our findings indicated that circRNA_100146 served 
as an oncogene in bladder cancer, and might be considered as 
a new biomarker for bladder cancer diagnosis and prognosis.
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